Introduction
Abdominal obesity (AO) is a central component of the metabolic syndrome (MetS) 1 and a predictor of several cardiometabolic abnormalities. 2 To assess AO and thereby identify subjects at cardiometabolic risk (CMR), anthropometric indicators such as waist circumference (WC) and waist-to-height ratio (WHtR) remain simple, inexpensive, non-invasive, and validated methods to apply in clinical practice. 3 The WC thresholds presently used to detect AO in African and African-descent subjects are those that have been validated primarily in European populations ($94 cm in men and 
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el Mabchour et al $80 cm in women), in the absence of specific cut-offs. 1 This may not be optimal, as several studies have clearly shown that there are differences in patterns of fat distribution between Whites and Blacks. [4] [5] [6] Furthermore, it has been established that for a given level of overweight/obesity, WC values are lower in Blacks compared with Whites. 7 The WHtR has been proposed as an alternative AO indicator which may correct the overestimation or underestimation of CMR with WC in short or tall people by virtue of the adjustment for height. An advantage is that the threshold for WHtR is a single value of 0.5 regardless of age, 8 sex, and ethnicity, 9 which is promising for Africans. However, it has been largely validated in Caucasians and Asians, 10, 11 but not Africans. Over the last decades, sub-Saharan Africans have been undergoing a nutrition transition where rates of AO have increased dramatically, yet population-specific standards for classifying individuals remain available. 12 More research on AO and its relationship with CMR in various Black population groups is needed in order for specific WC and WHtR thresholds to be identified and for results of recent studies to be supported [13] [14] [15] as there are undeniable race-ethnicity differences in body composition and associated CMR, as already alluded to. Additionally, many studies have suggested that the MetS as currently defined may not be appropriate to forecast cardiovascular disease and type-2 diabetes risk in Africans. [16] [17] [18] Indeed, Black Africans tend to show more insulin resistance, and a higher prevalence of hypertension and low high density lipoprotein cholesterol (HDL-C) levels, but lower rates of hypertriglyceridemia than their Whites counterparts. 19, 20 Hence, it appears relevant to assess AO indicators against the most prevalent biomarkers of CMR in African and African-descent groups rather than against standard MetS components.
The purpose of the present study was to compare the validity of WC and WHtR as AO indicators and to define cut-off points that best predict CMR in West Africans and closely related Black Haitians, based on the most prevalent biomarkers of CMR in these population groups, namely, elevated blood pressure, insulin resistance, and a high atherogenicity index, as described elsewhere by our research group.
21,22

Materials and methods
Population samples and data collection
This cross-sectional study is based on data from the Nutrition Transition Multicenter Study conducted in the economic capital of Benin (Cotonou) between 2005 and 2006, with a population of 665,100 according to the last census 23 and in the capital city of Port-au-Prince (PAP) in Haiti between 2008 and 2009, with an estimated population of over two million. 24, 25 The total sample consisted of 452 apparently healthy Black ancestry subjects aged from 25 to 60 years (217 women and 235 men) who had been living in the study area for at least six months prior to the study. The subjects were selected by stratified cluster random sampling within each study setting, with 200 subjects in Cotonou and 252 subjects in PAP (Figure 1 ). Subjects previously diagnosed or treated for hypertension, diabetes, or a heart condition were excluded from the study, as well as pregnant and lactating women.
Study variables
Weights and heights were used to def ine body mass index (BMI) as a measure of overall or general obesity (BMI $30 kg/m 2 ) according to the World Health Organization. 26 WC was measured using a flexible non-stretch tape to the nearest 0.1 cm at midpoint between the lower rib and the iliac crest while subjects were standing and breathing normally. 27 The average of two measures of WC was used in statistical analyses. A standardized protocol was used in both cities for anthropometric measurements and for other biological measures, as detailed elsewhere. 21 AO indicators were WC and WHtR. The population-specific WC cut-off points were as determined in the present study (see the results section), along with the generic ones for AO in the harmonized MetS definition (WC $94 cm in men and $80 cm in women). 1 The standard cut-off point of 0.5 was used for WHtR 10 and it was compared with specific cut-points. The MetS was defined as the presence of any three of the following five components: AO based on WC (generic cut-offs), elevated blood pressure according to the mean value of two readings of systolic blood pressure (SBP) and diastolic blood pressure (DBP) (SBP $130 mmHg or DBP $85 mmHg), elevated fasting glucose (glycemia $5.6 mmol/L), elevated triglyceride (TG) concentrations ($1.7 mmol/L), and low HDL-C (,1.03 mmol/L in men and ,1.29 mmol/L in women). 1 As additional risk biomarkers, high-sensitivity C-reactive protein (hsCRP) was assessed by immunonephelometry and subclinical inflammation was considered present when hsCRP concentrations were between 3 and 10 mg/L. 28 Serum insulin was measured by radioimmunoassay and insulin resistance was defined as the 75th percentile of the calculated Homeostasis Model Assessment index (HOMA-IR) [(fasting glucose × fasting insulin)/22.5] for the total sample, which was 3.9. 29 The atherogenicity index was considered high when total cholesterol (TC)/HDL-C ratio was .5 in men and .4 in women. 30 Specific WC and WHtR cut-offs were defined against the most prevalent CMR biomarkers in both groups, 
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Specific WC and WHtR cut-off points in Blacks that is, high blood pressure, high atherogenicity index, and insulin resistance.
Statistical analysis
Data were processed and analyzed with IBM SPSS (version 21.0, IBM Corporation, Armonk, NY, USA). Statistical analyses were performed with subjects grouped by sex and both sites (Cotonou and PAP) along with separate analysis by sites. The Kolmogorov-Smirnov test was used to test the normal distribution of variables. Mean, standard deviation, median, and centiles were calculated for continuous variables and Mann-Whitney U test or t-test were used when appropriate to compare data between men and women. Comparisons of biomarkers of CMR in men and women were performed using the χ 2 test for categorical data and values were expressed by rates. Non-parametric receiver operating characteristic (ROC) curves for continuous variables were generated and the area under the curve (AUC) was measured to summarize the ability of WC and WHtR to detect subjects with at least two CMR biomarkers. The closer the AUC is to 1, the higher the ability of the indicator to discriminate among subjects. 31 AUC values of 0.5 indicated no discriminatory power of the tested indicator. The difference between the AUC for WC and WHtR was assessed using the MedCalc statistical software v.15. In defining optimal sex-specific cut-off points for WC and WHtR as predictors of CMR, the Youden's index (sensitivity + specificity -1) was used. This index ranges from 0 to 1, with values approaching 1.0 indicating a more performant test and values close to 0 indicating that such a test is worthless. 32 The likelihood ratio (LR) was also computed. It is defined as the ratio between the probability of a defined test result in the presence of the disease (or two CMR biomarkers in the present study) and the probability of a defined test result in the absence of the disease. 31 Statistical significance was set at P,0.05. detected in the course of the study were referred to a physician for consultation and the first consultation was covered by project funds. The study results were fed back to research partners, policy-makers, and health practitioners in both Benin and Haiti.
ethical considerations
Results
The prevalence of overall obesity based on a BMI $30 kg/m 2 was 15.2% (24% in women vs 6.4% in men; P,0.001).
Metabolic characteristics of study subjects by sex are presented in Table 1 . Women had significantly higher WC, WHtR, and BMI than men (P,0.001). High rates of low HDL-C, high TC/HDL-C, and AO (43.5%) were the main CMR biomarkers. Insulin resistance and elevated blood pressure were each present in one out of four subjects.
Subclinical inflammation was present in one out of six subjects. Considering the three most prevalent CMR biomarkers other than AO (high TC/HDL-C, elevated blood pressure, and insulin resistance), it was found that 69.9% (n=300) of subjects had at least one marker of risk (79.9% in women and 58.4% in men; P,0.001), 32.2% had at least two (n=140; 42.5% in women and 22.2% in men; P,0.001), and 7.8% (n=34) had all three risk biomarkers (9.8% in women and 5.9% in men; P=0.127). The MetS was present in 18.6% of subjects. For all considered biomarkers of CMR, women showed a significantly higher prevalence rate than men. Hypertriglyceridemia was uncommon in this population group (0% in women and 1.3% in men). As shown in Figure 2 , there was an overlap of ROC curves for WC and WHtR as predictors of at least two out of the three most frequent CMR biomarkers (high TC/HDL-C, elevated blood pressure, and insulin resistance). As seen in Table 2 , AUC values for WC and WHtR were not significantly different.
Specific WC and WHtR cut-off points with maximum sensitivity and specificity and therefore with the highest Youden's index were, respectively, 94 cm (Youden's index =0.328) and 0.59 (Youden's index =0.331) in women, and 80 cm (Youden's index =0.389) and 0.5 (Youden's index =0.397) in men. Youden's indices for generic WC and WHtR cut-offs were, respectively, 0.215 and 0.196 in women and 0.286 and 0.391 in men (data not shown). 
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Specific WC and WHtR cut-off points in Blacks
As shown in Table 3 , the generic WC and WHtR cut-off points showed lower specificity than the determined cut-off points in women. In men, the generic WC cut-off was less sensitive than the one determined in the study.
Computed WC and WHtR thresholds for specificity set at 75% were, respectively, 93 cm and 0.58 in women, and 83 cm and 0.50 in men. When specificity was set higher (80%), WC and WHtR thresholds were also higher, being respectively 95 cm and 0.59 in women, and 88 cm and 0.51 in men. As for the LRs, AO as defined by generic cut-offs was not predictive of CMR in women in our sample. When defining AO according to specific cut-off points as determined in the study, women with AO were two to three times more likely to have two CMR biomarkers compared with those without AO. Men with AO were approximately three to five times more likely than those without AO to have two CMR biomarkers, depending on whether generic or specific cut-off points were considered.
The prevalence rates of AO according to whether we used specifically determined or generic anthropometric cut-offs in men and in women are presented in Table 4 . The overall prevalence of AO was not significantly different according to specific or generic WC threshold (P=0.668). However, the generic cut-offs gave a significantly higher prevalence of AO in women (P#0.001) and a lower one in men (P=0.002) compared with population-specific cut-offs. Regarding high WHtR, the generic cut-offs gave a significantly higher prevalence of AO only in women (P#0.001) since in men the generic threshold was optimal. Women had significantly higher rates of AO than men when defined by generic WC and WHtR cut-offs, while there was no significant difference between men and women when using the population-specific cut-offs.
Discussion
The present study determined specific WC and WHtR cut-off points based on the most highly prevalent CMR biomarkers in West Africans and African-descent Haitians, namely, elevated blood pressure, insulin resistance, and a high atherogenicity index. 21, 22 Our results showed that WC and WHtR were equally valid indicators of AO. However, the findings suggested that optimal cut-off points for this population were different from the current generic values, particularly in women.
The main components of the MetS in the study population were AO (as defined with generic WC cut-offs), elevated blood pressure, and a distinct lipid profile with a very high prevalence of low HDL-C and normal TG. 21, 33 This is in line with the MetS phenotype reported in other studies in Black Africans 15, [34] [35] [36] which is distinct from the common MetS phenotype in Caucasians, the latter being characterized by high triglyceride concentrations as the most prevalent component. Our results thus confirmed that the MetS phenotypes vary widely across race-ethnicity groups as reported in other studies. 16 Recent studies indeed questioned the relevance of the MetS as currently defined for the assessment of CMR in African populations. Sobngwi et al 37 reported that stroke was associated with insulin resistance, low HDL-C, and high TC/HDL-C in Cameroonians. Gaillard et al 19 in a study of 255 non-diabetic overweight/obese African-American women reported that MetS was highly prevalent in subjects with low HDL-C and with hyperglycemia compared with subjects with hypertriglyceridemia. Along the same lines, in the population groups of our study, AO (based on generic WC cut values) was associated with significantly higher odds of high blood pressure, high atherogenicity index, and insulin resistance in both men and women of Cotonou 22 and PAP (unpublished data). This is why we chose to determine optimal cut-off points for WC and WHtR against these most highly prevalent CMR biomarkers rather than against standard MetS components, in contrast to previous studies among Africans. 13, 15, 38 In the present study, low HDL-C was present in 85% of subjects but it was not considered as such among the CMR biomarkers to define specific AO cut-offs. Such high rates of low HDL-C are astounding and have to be interpreted cautiously. Deterioration of serum samples during storage Table 4 Prevalence of abdominal obesity according to specific and generic waist circumference and waist-to-height ratio cut-off points in men and in women Abbreviations: WC, waist circumference; WHtR, waist-to-height ratio; AO, abdominal obesity; MetS, metabolic syndrome. 
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Specific WC and WHtR cut-off points in Blacks and shipping cannot be excluded, although particular care was taken to keep the samples well below freezing point until analysis. The contribution of low HDL-C to CMR has been examined in many studies. Keene et al 39 questioned the HDL-C protective role since raising HDL-C did not reduce the incidence of cardiovascular events. Additionally, low HDL-C was observed in both underweight and overweight subjects in Benin. 40 Low HDL-C may therefore not be a valid CMR marker in African populations. In contrast, the atherogenicity index has been considered as a better predictor of CMR compared with other lipoprotein fractions or its single components. 41 It was the most prevalent CMR biomarker in the population of our study and was therefore used to test the anthropometric indicators of AO.
While the ROC curves showed that both WC and WHtR were equally valid indicators of CMR based on the presence of at least two of the three most common biomarkers of risk, cut-offs are the issue. Regarding WC, specifically determined cut-offs for the study population were higher than the generic value of 80 cm in women and lower than the generic value of 94 cm in men. These generic cut-offs are currently used in the absence of ethno-specific values. 1 Results of the few studies on optimal WC cut-offs in sub-Saharan Africans varied according to the outcome variables and the study population, but in spite of small differences in the cut-off points, all reported higher thresholds for women, in contrast to values in other race-ethnicity groups. Much like in our study, Motala et al 13 defined, in 947 South African Zulu, higher WC cut-offs in women and lower ones in men compared with the generic values: 92 cm in women and 86 cm in men. However, they tested WC cut-offs as predictors of at least two other standard MetS components instead of resorting to those CMR biomarkers that are most prevalent in the population under study. Similarly, in a cohort of 1,251 urban African women, the cut-off point of WC as predictor of the MetS was 91.5 cm and therefore again higher than the generic cut point. 15 In a prospective study in South Africa, the WC cut-off points for predicting the MetS in a cohort 152 urban Black African teachers aged between 25 and 65 years were 92 cm in men and 94 cm in women. 38 As noted by the authors, however, this study was limited by the small size and the homogeneity of the sample. In a recent study involving 1,099 subjects from Cape Town (South Africa), WC cut-off points were 84 cm in men and 94 cm in women. 42 The difference between those WC cut-off points predicting the MetS maybe explained by other risk factors such as urbanization level and lifestyle of the study population. 43, 44 In the absence of specific cut-off values to define AO in Black Africans, the WHtR appeared promising since the single cut-off of 0.5 was allegedly applicable to adults and adolescents as well, 8, 45 to men and women, and to various ethnic groups. 9, 46 This was the main reason behind our comparing this anthropometric indicator with WC. Besides, very few studies examined the specific cut-off points for WHtR in Black Africans. Ware et al 14 in a 5-year study in 1,519 sub-Saharan African adults suggested that a threshold of 0.5 for WHtR consistently predicted CMR in both men and women when tested against single biomarkers (hypertension, elevated triglycerides, low HDL-C, impaired fasting blood glucose, and elevated hemoglobin). In the present study, the specific cut-off value for WHtR in women was higher than 0.50, which is consistent with the higher thresholds of WC in women, while in men the generic cut-off point of 0.50 was appropriate.
The ROC curves, Youden's indices, and LRs showed that the generic cut-off points for both WC and WHtR were much less performant than the population-specific cut-offs particularly for women, as the former had a high sensitivity but low specificity. The resulting overestimated rate of AO in African women may have a negative impact on preventive action since women at relatively low risk would be targeted, which means unnecessary expenditure, and worry for the individuals. This should be of particular concern in resource-poor countries. At the population level, however, high specificity should therefore be given precedence over high sensitivity in order to target subjects with AO at high CMR. This is why we tested the optimal cut-off points for a fixed specificity of 75% or 80%. More seriously, in men, in contrast, specificity of the generic WC cut-off point was acceptable, but sensitivity was low, meaning that quite a large proportion of men (30.2%) who might require health advice or risk monitoring would be missed because they were not identified as having AO. The present study suggests that the currently used WC thresholds for men may need to be revised downward.
The WHtR of 0.5 appeared valid for predicting the aggregation of two CMR biomarkers in men (but not in women) and therefore, it could be useful in men. The use of this cutoff point is largely supported by many studies in different populations. Add to the fact that a single cut-off point is easy to remember. 10, 11, 14 The present study had some limitations that need to be taken into account. First, the study involved only urban people, while the relationship between AO and CMR may be modulated by urbanization and associated factors such as eating and physical activity patterns. 
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el Mabchour et al that we did not control for these potential confounding factors in the present paper. Additionally, we did not consider the menopausal stage of women although it is known that AO increases significantly in postmenopausal women. 47, 48 The findings can only be extrapolated to other population groups with extreme caution because defined specific cut-off points based on Youden's index are optimal to the specific population in which they were generated, and at a specific time as previously examined by Cameron et al. 49 Studies in larger samples of Africans and controlling for several confounding factors would be needed to confirm our results.
Grouping Benin and Haiti subjects may be regarded as a methodological flaw. However, we considered that it was legitimate because these groups share a common genetic heritage, the methods for anthropometric and blood pressure measurements were standardized and all biochemical analyses were performed in the same laboratory using the same assay procedures. Even studies defining specific WC cut-offs in Caucasians did not consider various ethnic groups separately. 50 Additionally, grouping both Haitians and Beninese gave more statistical power. Analyzing data separately for PAP and Cotonou did not alter the conclusion since specific WC and WHtR cut-offs remained higher in women and lower in men than the generic cut-offs, except for the specific WHtR cut-off which was slightly higher than the generic value in Cotonou. Data for specific WC and WHtR cut-offs are provided in Table S1 .
Finally, even if we studied subclinical inflammation as a biomarker of CMR in this population group, we did not consider it in defining WC and WHtR threshold. Metabolically, the association of AO with high blood pressure, dyslipidemia, and dysglycemia may be explained by chronic subclinical inflammation and resulting insulin resistance. 51, 52 Even if the measurement of CRP adds clinically important prognostic information to the MetS, as suggested by a large prospective study, 53 the high cost for hsCRP analyses especially in the African context is not easily justified in assessing CMR. 54 
Conclusion
In Black African subjects and in order to correctly identify subjects at high CMR, the study suggests that WC thresholds as markers of AO would need to be increased in women and to be revised downward in men. The WHtR cut-off point of 0.5 was found appropriate only in men. Defining specific thresholds of AO for Black Africans or African origin groups is important and will significantly influence the intervention strategies for diagnosis, prevention, and management of the overall CMR in these populations. This study also highlights the need for more studies to define an appropriate MetS phenotype in Black Africans.
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